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Description 



COMPOSITE CURRENT COLLECTOR 



Technical Field 

The present invention relates to a composite current 
collector used in a lithium system secondary battery and the 
like . 

Background Art 

In recent years, as an electronic equipment such as 
telephone, personal computer and video camera is made portable, 
the electronic equipment of each kind is made small in size, 
so that it is strongly demanded to reduce a weight of a built-in 
secondary battery such as lithium system or nickel-hydrogen 
system. 

For example, a lithium secondary battery comprises a 
negative electrode plate in which the above negative electrode 
material is retained by a negative electrode current collector 
that is a backing of the negative electrode material, a positive 
electrode plate in which a positive electrode active material 
reversibly performing an electrochemical reaction with 
lithium ions like lithium-cobalt composite oxide is retained 
by a positive electrode current collector that is a backing 
of the positive electrode active material, and a separator 
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retaining an electrolysis solution and preventing a short 
circuit of both electrodes by being interposed between the 
negative electrode plate and the positive electrode plate. 

And, in a case of the battery of tanzaku shape or 
cylindrical shape, the above positive electrode plate, 
separator and negative electrode plate are molded into thin 
sheets or foils, and they are stacked in layers in order and 
accommodated in a battery case while being wound spirally. 

Accordingly, generally the electrode plate is 
manufactured by mixing an active material or a host material 
with an organic binder, a conductive agent and a solvent to 
thereby make them into a paste-like one and, after it has been 
applied to a backing surface and dried, pressure-molding it 
together with the backing in a thickness direction. 

Hitherto, as the current collector of the electrode plate, 
from the fact that an electrical conductivity of itself is 
necessary, the foil of a metal such as copper and aluminum has 
been used. 

In order to reduce a weight of such a battery, it is 
necessary and indispensable to reduce the weight of the current 
collector which occupies a considerable portion of a total 
battery weight. For example, in a lithium-polymer battery, 
only with the negative electrode current collector, there is 
occupied such a weight of about 20% or so of the total battery 
weight that is the same degree as the negative electrode active 
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material, so that the reduction in weight of the current 
collector has a large advantage in reducing the weight of the 
battery. 

As an attempt to reduce the weight of the current 
collector, as described in JP-A-5-31494 Gazette for instance, 
there is proposed a method of vapor-depositing or sputtering 
a metal to a resin to thereby stack a very thin film in layer. 
However, in this method, as to an upper limit of a stacked layer 
thickness of the metal, about 2000 angstrom is the limit from 
viewpoints of an economical efficiency and a heat resistance 
of the resin, it is obliged to make the conductive layer into 
a very thin metal layer, not only a current collecting ability 
is evidently inferior but also the very thin metal layer is 
partially dissolved and disappears by a corrosion in the 
battery due to an elapse of time, thus the current collecting 
ability more reduces, and so on, so that it has been never one 
capable of being presented to a practical use. 

A subject of the present invention is to solve the 
above-mentioned problems of the conventional current 
collector, and provide a composite current collector of the 
resin and the metal, whose weight can be more reduced than a 
metal foil. Additionally, it is to provide a composite current 
collector capable of corresponding also to a demand for 
reducing a thickness. 
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Disclosure of the Invention 

A composite current collector set forth in claim 1 is 
a composite current collector in which, after forming on a 
surface of a resin film a conductive treatment layer whose 
surface electric resistance is not higher than 1.3 Q/cm by 
performing a conductive treatment, a plating layer whose 

thickness is at least 0.3 ^m per one face is formed by an 
electrolytic plating treatment, and 

is characterized in that the surface electric resistance 
after the electrolytic plating is not higher than 40 mQ/cm, 
and additionally following expression is satisfied: 

Yl + Y2 + Y3 < 0.8 X ( (XI + X2 + X3) x Y3/X3) 
where XI: thickness of resin film (|im) 

X2 : thickness of conductive treatment layer (jim) 
X3: thickness of plating layer (|im) 
Yl : weight of resin film (mg/cm^) 

Y2 : weight of conductive treatment layer (mg/cm^) 
Y3 : weight of plating layer (mg/cm^) . 
A composite current collector set forth in claim 2 is 
additionally characterized in that a tensile strength 
satisfies at least 0.8 kg/cm. 

Composite current collectors set forth in claims 3 and 
4 are additionally characterized in that the conductive 
treatment layer is made a conductive painted film formed by 
applying a conductive paint and curing it, and made a very thin 
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metal thin film formed by a vapor deposition or a sputtering 
of a metal. 

A composite current collector set forth in claim 5 is 
additionally characterized in that the conductive painted film 
is made by blending a conductive agent comprising one or at 
least two of Cu, Ag, Ni and conductive carbon to a resin, and 
a composite current collector set forth in claim 6 is 
characterized in that the very thin metal thin film comprises 
one or at least two of Cu, Ag, Ni and Al . A composite current 
collector set forth in claim 7 is characterized in that the 
plating layer is one whose main component is Cu, Ni or Al . 

A composite current collector set forth in claim 8 is 
characterized in that the resin film is wavy or one in whose 
surface there has been formed a irregularities pattern. 

A composite current collector set forth in claim 9 is 
characterized in that after forming conductive treatment 
layers on both faces of a resin film having many through-holes 
and forming a plating layer on the conductive treatment layer 
by an electrolytic plating treatment, a surface electric 
resistance is not higher than 40 mQ/cm, a tensile strength 
higher than 0.8 kg/cm and a front/back current-carrying 

resistance not higher than 100 mQ/cm, and additionally 
following expression (2) is satisfied: 

Yl + Y2 + Y3 < 0.8 X (XI + X2 + X3) x Y3/X3 (2) 
where XI: is thickness of resin film (lom) , 
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X2 : thickness of conductive treatment layer (^im) ^ 
X3: thickness of plating layer ((in^) , 
Yl : weight of resin film (mg/cm^) , 

Y2 : weight of conductive treatment layer (mg/cm^) , 
Y3 : weight of plating layer (mg/cm^) . 

A composite current collector set forth in claim 10 is 
characterized in that the through-hole is filled by the 
conductive treatment layer. 

■ A composite current collector set forth in claim 11 is 
characterized in that the conductive treatment layer is formed 
also in a section of the through-hole, and additionally a 
plating layer is formed in an upper layer of the conductive 
treatment layer. 

A composite current collector set forth in claim 12 is 
characterized in that the plating layer set forth in claim 9 
or 11 is one whose main component is Cu, Ni or Al . 

A composite current collector set forth in claim 13 is 
characterized in that the resin film set forth in claim 9 is 
wavy or one in whose surface there has been formed a 
irregularities pattern . 

Brief Description of the Drawings 

Fig. 1 is a sectional view showing a 1st embodiment of 
a composite current collector of the present invention. Fig. 
2 is a sectional view showing a 2nd embodiment of the composite 
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current collector of the present invention. Fig. 3 is an 
external appearance perspective view of the composite current 
collector of the present invention. Fig. 4 is a main part 
sectional view of the composite current collector in Fig. 3. 

Best Mode for Carrying Out the Invention 

The composite current collector of the present invention 
is explained in detail by using the drawings. Fig. 1 is a 
sectional view showing the 1st embodiment of the composite 
current collector of the present invention. Fig. 2 is a 
sectional view showing the 2nd embodiment of the composite 
current collector of the present invention. Fig. 3 is an 
external appearance perspective view of the composite current 
collector of the present invention, and Fig. 4 is a main part 
sectional view of the composite current collector in Fig. 3. 

(1st embodiment) 

A light weight current collector of the present invention 
is one in which a remarkable reduction in weight of the current 
collector has been achieved without impairing the economical 
efficiency while having a current collecting property and a 
durability which are approximately equivalent to a metal foil 
current collector used hitherto. 

That is, as shown in Fig. 1, a light weight current 
collector 10 of the present invention has a constitution in 
which, after forming a conductive treatment layer 12 onto a 
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resin film 11, thereon there has been formed a plating layer 
13. 

As examples of a material of the resin film 11, there 
are enumerated polyethylene terephthalate (PET) , polyethylene 
naphthalate (PEN) , polypropylene (PP) , polyethylene (PE) , 
acid-denatured olefin resin denatured by acrylic acid or maleic 
acid etc., and the like. 

Further, the material of the resin film 11 is deemed to 
be determined by a kind and a demanded performance of the 
battery, and not one limited especially to the above. 

As a thickness of the resin film 11, although it is 2 

^im - 20 piti in general, it is deemed to be determined by 
considering characteristics, e.g., mechanical strength, 
reduction in weight and reduction in thickness, demanded as 
the current collector of the battery, and here it is not limited 
especially. 

Further, also as to whether the resin film is stretched 
or not stretched or a crystallinity index, it is not one limited 
especially. However, generally, in a case where the 
mechanical strength is demanded for the current collector, it 
is desirable to use the stretched film and, in a case where 
an adhesion to the conductive treatment layer is demanded, it 
is desirable to use the non-stretched film and a film of low 
crystallinity index . 

The conductive treatment layer 12 is provided for forming 
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the plating layer 13 mentioned later onto the resin film 11. 
The conductive treatment layer 12 can be made into a very thin 
metal thin film layer in which a metal, mainly such as Cu, Ni 
and Ag, having the electrical conductivity has been formed by 
means such as vapor deposition and sputtering for instance. 

Further, it can be made into also a conductive painted 
film layer formed by thinly coating to the resin film a 
conductive paint whose main components are a metal powder of 
Cu, Ni, Ag and the like, a carbon powder of the conductive agent, 
and the like, or a conductive paint in which one or at least 
two of the formers has or have been mixed. 

Additionally, in compliance with a necessity, it can be 
made into also a composite layer in which the conductive painted 
film layer has been formed on the above very thin metal thin 
film layer. As to a metal used in a formation of the very thin 
metal thin film layer of the composite layer concerned, also 
Al which is liable to be eroded by a plating solution and whose 
application is not easy becomes easily applicable by a barrier 
effect of the conductive painted film of an upper layer. 

On the occasion of the above coating, it is formed by 
preparing a solution by mixing a vehicle (for example, epoxy 
phenol resin) and the conductive agent, and thereafter applying 
it to one face or both faces of the resin film 11 and drying 
it. 

A thickness of the conductive treatment layer 12 is 
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coated such that a surface electric resistance that it has 

becomes not higher than 1.3 H/cm. 

This is because, if the surface electric resistance 

exceeds 1.3 Q/ciU/ the formation of the electrolytic plating 
layer 13 formed thereon becomes difficult. 

Next, in an upper layer of the above conductive treatment 
layer 12, there is formed the plating layer 13 formed by an 
electrolysis. As a kind of the plating layer 13, there is 
enumerated one plated by electrolyzing the metal such as Cu 
and Ni . 

In a case where it is used as the negative electrode 
current collector of a lithium system secondary battery, it 
is desirable that it is the plating layer whose main component 
is Cu and, in a case where it is used as the positive electrode 
current collector, it is desirable that it is the plating layer 
whose main component is Al and, in a case where it is used as 
the positive/negative electrode current collector of an Ni - 
MH system secondary battery, it is desirable that it is the 
plating layer whose main component is Ni . This is because these 
metals have respectively field-proven results widely used. 

It is desirable that a thickness of each of these plating 
layers 13 is made such that the surface electric resistance 
of the material after the plating becomes not higher than 40 
mSl/ cm. 

Incidentally, the surface electric resistance in the 
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present invention is a value obtained by measuring an electric 
resistance by contacting + and - terminals with a spacing of 
1 cm being provided on a measurement face of a sample of 1 cm 
width after forming the conductive treatment layer or after 
forming the plating layer thereafter. 

When measuring the electric resistance value, it is 
desirable that a non-measurement face is covered by an 
insulating tape and the like such that the + and - terminals 
don't contact. 

Incidentally, it is desirable that each of the resin film, 
the conductive treatment layer and the plating layer, which 
are constituent elements of the current collector, satisfies 
a relation of following expression. 

Yl + Y2 + Y3 < 0.8 X ( (XI + X2 + X3) x Y3/X3) 

where XI: thickness of resin film (jxm) 

X2: thickness of conductive treatment layer (|am) 

X3 : thickness of plating layer (|iun) 

Yl : weight of resin film (mg/cm^) 

Y2: weight of conductive treatment layer (mg/cm^) 

Y3 : weight of plating layer (mg/cm^) 

The above expression is a conditional expression by which 
the current collector of the present invention can be reduced 
in weight in comparison with a conventional current collector 
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consisting only of the metal, by specifying a relation among 
the resin film, the conductive treatment layer and the plating 
layer . 

Concretely, it is the conditional expression which makes 
it possible to reduce a weight of the current collector of the 
present invention to not larger than 0 . 8 in the same thickness 
than the mere metal current collector whose plating layer 
consists only of the metal component, and making it not larger 
than 0.8 is a user demand as well. 

A matter necessary in the present invention in which the 
resin film has been used is the fact that a tensile strength 
of the composite current collector is at least 0.8 kg/ cm. If 
the tensile strength concerned becomes lower than 0.8 kg/cm, 
the current collector becomes inevitably undurable to a tension 
necessary when assembling the battery by using the current 
collector concerned, so that it is not desirable because a 
problem that it ruptures becomes liable to occur. 
Incidentally, the tensile strength mentioned here indicates 
a yield point strength when the composite current collector 
has been cut in 1 cm width and 10 cm length and it has been 
pulled at a rate of 20 mm/minute. 

Incidentally, when applying the above expression, the 
thickness of the conductive treatment layer in the current 
collector of the invention, which has been subjected to an 
embossing mentioned later, is made a thickness of the treatment 
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layer concerned before the emboss, and the thickness of the 
plating layer is made a thickness of an emboss convex part. 
(2nd embodiment) 

Depending on a use, the resin film 11 that is a carrier 
of the above plating layer 13 is not flat one and, as shown 
in Fig. 2 for instance, is one having a wavy undulation or one 
in whose surface there have been formed irregularities. 

By being made in such a shape, the current collecting 
ability increases for such reasons that an area of the current 
collector is enlarged and a mean distance between the current 
collector and the active material becomes short, so that it 
is possible to contribute to an improvement in battery 
performance . 

Further, it is also possible to intend an anchoring 
effect of the active material contacting with a surface of the 
current collector, and thus the adhesion to the active material 
can be improved, so that it is possible to contribute to a 
promotion of a chemical reaction in the battery. 

Making the wavy form and the formation of the 
irregularities of the resin film 11 can be performed, for 
example, by the embossing which pressure-bonds upper and lower 
faces of the resin film 11 by using a hot roll in which an emboss 
pattern has been formed, after forming the conductive treatment 
layer 12 on a surface of the resin film 11. 

And, thereafter, the plating layer 13 is formed by 
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applying an electroplating onto the conductive treatment layer 
12. 

In the conventional metal current collector, from the 
fact that the hot embossing is difficult, it follows that a 
mechanical plastic deformation working is carried out in order 
to form a pattern of the irregularities to the carrier, but 
the mechanical plastic deformation working is not easy because 
a crack occurs in the metal, the shape becomes non-uniform or, 
even if the embossing is performed, the emboss disappears in 
a process such as active material application, and so forth* 
Also from this point, the 2nd einbodiment of the present 
invention is great in its utilization possibility. The 
material conditions other than the fact that the resin film 
is one having the wavy undulation or one in whose surface there 
have been formed irregularities are similar to the 1st 
embodiment . 

(3rd embodiment) 

As shown in Fig. 3, in the composite current collector 
10 of the present invention, there are formed the conductive 
treatment layers 12 on both surfaces of the resin film 11, that 
is the carrier (core body) , having through-holes and the metal 
plating layers 13 on the conductive treatment layers, and a 
lead wire 14 is formed in one face of the composite current 
collector 10. 

Additionally, as shown in Fig. 4, in the resin film 
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becoming the core body forming the composite current collector 
10 of the present invention, many through-holes 15 penetrating 
through the resin film 11 are formed and, in front layers of 
the through-hole 15, there is formed a conduction body 16 
conducting between the front/back conductive treatment layers 
12. Like this, by having the through-holes, a front/back 
conduction property becomes good, and a junction of the lead 
wire may be made in either of front/back faces, so that it is 
possible to intend an additional reduction in weight. 

Next, as examples of the material of the resin film 11 
used for the core body of the 3rd embodiment, similarly to the 
1st and 2nd embodiments there are desirably enumerated 
polyethylene terephthalate (PET) , polyethylene naphthalate 
(PEN) , polypropylene (PP) , polyethylene (PE) , acid-denatured 
olefin resin denatured by acrylic acid or maleic acid etc., 
and the like. However, in the present invention, they are not 
limited to the above materials, and ones determined by the kind 
and the demanded performance of the battery, and the like. 

Further, as the thickness of the resin film 11, although 

there is used one in a range of 2 |um - 20 |jiti in general, it 
is one determined by considering characteristics, e.g., 
mechanical strength, reduction in weight, reduction in 
thickness and the like, demanded as the current collector of 
the battery, and not one limited especially. 

Additionally, also as to whether the resin film 11 is 
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stretched or not stretched or the crystallinity index, it is 
not one limited especially. However, generally, in the case 
where the mechanical strength is demanded for the current 
collector, it is desirable to use the stretched film and, in 
the case where the adhesion to the conductive treatment layer 
12 is demanded, it is desirable to use the resin film which 
is a non-stretched film and whose crystallinity index is low. 

The resin film 11 as the core body used in the 3rd 
embodiment of the present invention has such many through- 
holes 15 as shown in Fig* 3 and Fig. 4. 

The trough-hole 15 becomes a conductive passage between 
the front/back metal plating layers 13 formed, after forming 
the conductive treatment layers 12 on both faces of the resin 
film 11, thereon additionally. For this reason, such a state 
is desirable that the front/back metal plating layers are 
contiguous not only merely to the front/back but also to a hole 
inside by forming the conductive treatment layer till the hole 
inside by an extension etc. at a plating time. Further, if 
the hole inside is filled by the conductive treatment layer, 
it is desirable because the conduction between the front/back 
metal plating layers is performed. In this case, it has been 
found that, unless the electric resistance between the 
front/back is not higher than a certain level, there is no 
effect. That is, as mentioned later, it is good that a 
front/back current-carrying resistance is made not higher than 
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100 luQ. 

As to a number and a hole diameter of the through-hole 
15, they should be determined by considering a current-carrying 
property between the front/back metal plating layers 13, a 
mechanical strength, a manufacturing property and the like, 
and are not ones defined especially here. 

The trough-holes 15 of the resin film 11 can be formed 
by passing the resin film through between rolls to which 
diamonds have been adhered or rolls provided with many heated 
needles, blanking the resin film by a press working by small 
diameter punches, or stretching the resin film lengthwise and 
breadthwise . 

However, the through-holes 15 can be formed by a method 
other than the above methods, and its working method is not 
defined especially. Further, the holes may be formed before 
forming the conductive treatment layer, or after forming the 
same . 

Next, the conductive treatment layers 12 formed on the 
resin film 11 are ones provided for forming through the 
conductive treatment layers 12 the plating layers 13 mainly 
on both faces of the resin film 11 in front/back upper layers 
of the conductive treatment layers. 

If the conductive treatment layer is formed also inside 
(section) of the through-hole 15 of the resin film 11, a metal 
plating layer 13a which electrically junctions the front/back 
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plating layers 13 becomes liable to be formed also in the inside 
of the hole, so that it is an effective method. 

In this 3rd embodiment, an important matter is that the 
current-carrying resistance of front/back (here, referred to 
as front/back current-carrying resistance) is made not higher 
than 100 mO, If the front/back current-carrying resistance 
exceeds 100 mQ, in a case where the lead wire 14 is junctioned 
only to one face of the composite current collector, a current 
collecting property of non- junctioned face is extremely 
inferior, so that this is not desirable because it becomes a 
factor reducing the battery performance. 

The front/back current-carrying resistance mentioned in 
the present invention is a value obtained by measuring the 
electric resistance by sufficiently contacting a + terminal 
of a size of 1 cm x 1 cm with one face of the composite current 
collector cut in 1.5 cm x 1.5 cm and a - terminal of a size 
of 1 cm X 1 cm with the other face in the same position as a 
position where the + terminal exists while applying a load of 
1 kg/cm^ in both. 

A formation of the conductive treatment layer 12 can be 
performed by making the metal, mainly such as Cu, Ni, Al and 
Ag, having the electrical conductivity into the very thin metal 
thin film layer by means such as vapor deposition and sputtering 
for instance. 

Further, the formation of the conductive treatment layer 
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12 can be performed also by thinly coating onto the front/back 
of the resin film 11 formed with the through-holes 15 the 
conductive paint whose main components are the metal powder 
of Cu, Ni, Al, Ag and the like, the carbon powder of the 
conductive agent, and the like, or the conductive paint in which 
one or at least two of the formers has or have been mixed, or 
the like, thereby making it into the conductive painted film 
layer, but it should be selected by the demanded performance. 

Additionally, in compliance with a necessity, it can be 
made also into a composite layer in which the conductive painted 
film layer has been formed by means such as the above coating 
on the very thin metal thin film layer formed by the above means 
such as vapor deposition and sputtering, or a composite layer 
in which the above very thin metal thin film layer has been 
formed on the above conductive painted film layer. 

Further, also the fact that, after the inside of the 
through-hole 15 has been filled (closed) by the above metal 
powder or carbon powder etc., the very thin metal thin film 
layers are formed on the front/back of the resin film 11 to 
thereby make them into the conductive treatment layers 12 is 
effective for electrically junctioning the front/back metal 
plating layers 13 each other. 

It is desirable that the thickness of the conductive 
treatment layer 12 is formed such that the surface electric 
resistance that it has becomes not higher than 1.3 Q/cm. This 
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is because, if the surface electric resistance exceeds 1 . 3 CI/ cm, 
a uniform formation of the metal plating layer 13 formed thereon 
becomes difficult . 

Next, in an upper layer of the above conductive treatment 
layer 12, there is formed the plating layer 13 by an 
electrolytic plating treatment* As the kind of the metal 
forming the plating layer, there is enumerated one plated by 
electrolyzing the metal such as Cu, Ni and Al, but it should 
be selected by the demanded performance. 

It is general that, in the case where the composite 
current collector of the present invention is used as for the 
negative electrode as the current collector of the lithium 
system secondary battery, there is formed the plating layer 
whose main component is Cu and, in the case where it is used 
as the positive electrode, there is formed the metal plating 
layer whose main component is Al and, in the case where it is 
used as the current collector for the positive/negative 
electrode of the Ni - MH system secondary battery, there is 
formed the metal plating layer whose main component is Ni • 

It is desirable that the thickness of each of these 
plating layers 13 is made such that the surface electric 
resistance of the metal plating layer after the plating becomes 
not higher than 4 0 mQ/cm. 

Its reason is because, if the surface electric resistance 
concerned exceeds 40 mQ/cm, even if it is used for the current 
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collector for a small secondary battery, i.e., even if it is 
a use in which a length of the current collector used is short, 
a loss of battery energy by the resistance becomes so great 
that it cannot be neglected. 

Further, also in the composite current collector 10 of 
the 3rd embodiment, similarly to the 1st and 2nd embodiments, 
it is necessary that each of the resin film 11 having the 
through-holes, the conductive treatment layer 12 and the 
plating layer 13, which are the constituent elements of the 
composite current collector 10, satisfies the relation of 
following expression (2) . 

Yl + Y2 + Y3 < 0.8 X (XI + X2 + X3) x Y3/X3 (2) 
where XI: is thickness of resin film (nm) , 

X2 : is thickness of conductive treatment layer ((om) , 

X3: is thickness of metal plating layer (|Jin) , 

Yl : is weight of resin film (mg/cm^) , 

Y2 : is weight of conductive treatment layer (mg/cm^) , 

Y3: is weight of metal plating layer (mg/cm^) . 

Incidentally, each of the thicknesses XI - X3 mentioned 
here denotes the thickness in a part where no holes are formed. 

The above expression (2) is the conditional expression 
by which the composite current collector of the present 
invention can be reduced in weight in comparison with the 
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conventional current collector consisting only of the metal, 
by specifying the relation among the resin film, the conductive 
treatment layer and the plating layer. 

More concretely, it is also the conditional expression 
which makes it possible to realize the reduction in weight of 
the composite current collector of the present invention to 
not larger than 80 percent in the same thickness than the mere 
metal current collector whose metal plating layer consists only 
of the metal component. 

Further, the matter necessary in the present invention 
in which the resin film having the through-holes has been used 
is the fact that the tensile strength of the composite current 
collector thus obtained is at least 0.8 kg/cm. If the tensile 
strength concerned becomes lower than 0.8 kg/cm, the current 
collector becomes inevitably undurable to the tension 
necessary when assembling the battery by using the current 
collector concerned, so that it is not desirable because the 
problem that it ruptures becomes liable to occur. 
Incidentally, the tensile strength mentioned here is examined 
similarly to the method shown in the 1st embodiment. Other 
material conditions are similar to the 1st embodiment. 

Incidentally, the composite current collector of the 
present invention is unnecessary to be limited to planar one 
and, depending on a demand, may be wavy or one in whose surface 
there has been formed an irregularities pattern. 
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Examples 

(Example 1) 

As the resin film, a PET film of 4 |Lim thickness (XI = 
4) was used, and an Ag system paint in which Ag powder of 0.5 

fim in mean particle diameter had been blended as the conductive 
agent was applied to both faces of the PET film respectively 
in 0.5 ]jm in its dry thickness, and was dried (X2 = 1) . 

Additionally, to its both faces, Cu was plated in 2 |Lim 
thickness (X3 = 4) . 

A weight of the PET film in this case was 0.564 mg/cm^ 
( Yl = 0 . 564 ) , a weight of the conductive treatment layer applied 
with the Ag system paint 0 . 547 mg/cm^ (Y2 = 0.547), and a weight 
of the Cu plating 3.572 mg/cm^ (Y3 = 3.572). 

(Example 2) 

As the resin film, the PET film of 4 pim thickness (XI 
= 4) was used, and the Ag system paint similar to the Example 
1 was applied to both faces of the PET film respectively in 
0.5 im in its dry thickness, and was dried (X2 = 1) . 

Additionally, to its both faces, Cu was plated in 0.3 

|Lim thickness (X3 = 0.6) . 

A weight of the PET film in this case was 0.564 mg/cm^ 
(Yl = 0 . 564 ) , a weight of the conductive treatment layer applied 
with the Ag system paint 0 . 547 mg/cm^ (Y2 = 0.547), and a weight 
of the Cu plating 0.536 mg/cm^ (Y3 = 0.536). 
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(Example 3) 

As the resin film, the PET film of 14 jim thickness (XI 
= 14) was used, and the Ag system paint similar to the Example 
1 was applied to both faces of the PET film respectively in 
0.5 |im in its dry thickness, and was dried (X2 = !)• 

Additionally, to its both faces, Cu was plated in 4 |im 
thickness (X3 = 8) . 

A weight of the PET film in this case was 1.974 mg/cm^ 
(Yl = 1 . 974 ) , a weight of the conductive treatment layer applied 
with the Ag system paint 0.547 mg/cm^ (Y2 = 0.547), and a weight 
of the Cu plating 7.144 mg/cm^ (Y3 = 7.144). 

(Example 4) 

As the resin film, the PET film of 4 |xm thickness (XI 
= 4) was used, and an Ni system paint in which Ni powder of 
0.7 [m. in mean particle diameter had been blended as the 
conductive agent was applied to both faces of the PET film 
respectively in 2 |Lim in its dry thickness, and was dried (X2 
= 4) . 

Additionally, to its both faces, Ni was plated in 1 |im 
thickness (X3 = 2) . 

A weight of the PET film in this case was 0.564 mg/cm^ 
( Yl = 0 . 564 ) , a weight of the conductive treatment layer applied 
with the Ni system paint 1 . 288 mg/cm^ (Y2 = 1. 288), and a weight 
of the Ni plating 0.568 mg/cm^ (Y3 = 0.568). 
(Example 5) 
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As the resin film, the PET film, formed with the emboss 

pattern, of 4 |xm thickness (XI = 4) was used, and the Ag system 
paint similar to the Example 1 was applied to both faces of 

the PET film respectively in 1 |im in its dry thickness, and 
was dried (X2 = 2) . 

Additionally, to its both faces, Cu was plated in 2 |im 
thickness (X3 = 4) . 

A weight of the PET film in this case was 0.564 mg/cm^ 
(Yl = 0 . 564 ) , a weight of the conductive treatment layer applied 
with the Ag system paint 1 . 054 mg/cm^ ( Y2 = 1 . 054 ) , and a weight 
of the Cu plating 3.672 mg/cm^ {Y3 = 3.672). 

(Example 6) 

As the resin film, an olefin film denatured by maleic 

acid of 14 |im thickness (XI = 14) was used, and the Ag system 
paint similar to the Example 1 was applied to both faces of 

the olefin film respectively in 0.5 |am in its dry thickness, 
and was dried (X2 = 1) . 

Additionally, to its both faices, Cu was plated in 2 |im 
thickness (X3 = 4) . 

A weight of the olefin film in this case was 0.372 mg/cm^ 
(Yl = 0 . 372 ) , a weight of the conductive treatment layer applied 
with the Ag system paint 0 . 547 mg/ cm^ ( Y2 = 0 . 547 ) , and a weight 
of the Cu plating 3.572 mg/cm^ (Y3 = 3.572). 
(Example 7) 

As the resin film, the PET film of 4 jam thickness (XI 
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= 4) was used, and vapor deposition layers of Cu were formed 
on both faces of the PET film respectively in 500 angstrom (X2 
= 0.1) . 

Additionally, to its both faces, Cu was plated in 2 |am 
thickness (X3 = 4) . 

A weight of the PET film in this case was 0.564 mg/cm^ 
(Yl = 0.564), a weight of the conductive treatment layer 
vapor-deposited with Cu 0 . 047 mg/cm^ (Y2 = 0 . 047) , and a weight 
of the Cu plating 3.572 mg/cm^ (Y3 = 3.572). 
(Example 8) 

As the resin film, the PET film, in which circular holes 
of 5 fom diameter had been formed by 50% in its ratio of hole 
area, of 4 |am thickness (XI = 4) was used, and the Ag system 
paint similar to the Example 1 was applied to both faces of 
the PET film respectively in 0.5 ^im in its dry thickness, and 
was dried (X2 = 1) . 

Additionally, to its both faces, Cu was plated in 1 |Jin 
thickness (X3 = 2) . 

A weight of the PET film in this case was 0.282 mg/cm^ 
(Yl = 0 .282) , a weight of the conductive treatment layer applied 
with the Ag system paint 0 . 305 mg/cm^ (Y2 = 0.305), and a weight 
of the Cu plating 1.82 mg/cm^ (Y3 = 1.82). 

One in which the above Examples 1-8 were collected is 
described in Table 1. 
(Example 9) 
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As the resin film, a biaxially oriented PET film (XI = 
4) , in which circular through-holes of 5 |xm diameter had been 
formed by 20/mm^, of 4 |im thickness was used, and vapor 
deposition layers of Cu were formed on both faces of the PET 
film respectively in 500 angstrom and thereby made into the 
conductive treatment layers (X2 = 0.1). 

Additionally, to its both faces, Cu was plated in 2 |jm 
thickness and thereby the metal plating layers (X3 = 4) were 
formed, so that the composite current collector was obtained. 
Yl - Y3 in this case were as shown in Table 2. 
(Example 10) 

As the resin film, the biaxially oriented PET film (XI 
= 20), in which circular through-holes of 15 pun diameter had 
been formed by 16/mm^, of 20 |im thickness was used, and the 
Ag system paint in which Ag powder of 0.5 jam in mean particle 
diameter had been blended as the conductive agent was applied 
to both faces of the PET film and dried to thereby fill the 
hole part, and the conductive treatment layers (X2 =1) of 

respectively 0.5 |iia in its dry thickness were formed, so that 
the composite current collector was obtained. 

Additionally, to its both faces, Cu was plated in 2 |im 
thickness and thereby the metal plating layers (X3 = 4) were 
formed. Yl - Y3 in this case were as shown in Table 2. 
(Example 11) 

As the resin film, the biaxially oriented PET film (XI 
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=4), in which quadrangle through-holes of 50 |am diameter in 
one side had been formed by 9/mm^, of 4 |im thickness was used, 
and the Ni system paint in which Ni powder had been blended 
as the conductive agent was applied to both faces of the PET 
film and dried, and thereby the conductive treatment layers 

(X2 = 1 ) of respectively 0 . 5 jam in its dry thickness were formed. 
Also after the Ni system paint had been applied and dried, the 
holes were not closed by the filling of the paint concerned, 
and the through-holes were still recognized* 

Additionally, to its both faces, Cu was plated in 2 jam 
thickness and thereby the metal plating layers (X3 = 4) were 
formed, so that the composite current collector was obtained. 
Yl - Y3 in this case were as shown in Table 2. 
(Example 12) 

The composite current collector was obtained by 
performing similarly to the Example 9 except the fact that the 
metal plating layers (X3 = 2) of 1 (im were formed. Yl - Y3 
in this case were as shown in Table 2* 

(Example 13) 

The composite current collector was obtained by 
performing similarly to the Example 9 except the fact that the 
vapor deposition layers of Cu were formed on both faces of the 
PET resin film respectively in 1000 angstrom to thereby make 
them into the conductive treatment layers (X2 = 0.2), and on 
its both faces there were formed the Cu plating layers (X3 = 
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6) of 3 |xm. Yl - Y3 in this case were as shown in Table 2. 
(Example 14) 

The composite current collector was obtained by 
performing similarly to the Example 9 except the fact that the 
resin film was a biaxially oriented polypropylene (XI = 12) 
denatured by acrylic acid of 6 |^m. Yl - Y3 in this case were 
as shown in Table 2 . 

(Example 15) 

The composite current collector was obtained by 
performing similarly to the Example 10 except the fact that 
the resin film was the biaxially oriented PET film (XI == 20) 
of 20 |nm, and the metal plating layers (X3 = 4) were formed 
by plating Al of 2 |Lim to both faces. Yl - Y3 in this case were 
as shown in Table 2. 

(Comparative example 1) 

The composite current collector was obtained by 
performing similarly to the Example 2 except the fact that as 
the resin film there was used the biaxially oriented PET film 

(XI = 20) which had no holes and whose thickness was 20 jjiu. 
Incidentally, in the composite current collector concerned, 
there were recognized no through-holes not only before the 
plating but also after the plating. 

(Method of evaluating composite current collector performance 
index) 

1. Examples 1-14 and Comparative example 1 
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The Li system secondary battery was made by a usual method 
by using, as the positive electrode, one in which the active 
material comprising a composition of LiCo02 : acetylene black : 
PVDF = 100 : 8 : 12 (weight ratio) was stacked in layer on an 
Al foil (20 (im) whose width was 5 cm and length 20 cm, using, 
as the negative electrode, one in which the active material 
(20 mg/cm^) comprising a composition of graphite : PVDF = 100 : 
11 (weight ratio) was stacked in layer on the composite current 
collector, of each of the Examples 1-6 and the Comparative 
example, whose width was 5 cm and length 20 cm, using, as the 
electrolysis solution, one in which LiC104 was added by 1 mol/L 
to a solution formed by blending propylene carbonate and 
ethylene carbonate in an equal weight ratio, using a fine porous 
polypropylene system separator by a usual method, and 
junctioning a lead comprising Al (60 |xm) whose width was 0.5 
cm and length 8 cm to a width direction of an end of the current 
collector of the positive electrode and, similarly, a lead 
comprising Cu (60 jim) whose width was 0.5 cm and length 8 cm 
to a width direction of an end of the current collector of the 
negative electrode . After the battery concerned had been left 

intact in an atmosphere of 60*^C for one month, a constant- 
current charge/discharge was performed under conditions of a 
charge termination voltage = 4.2 V, a discharge termination 
voltage = 2 V and a charge/discharge speed = 0.2 C, and a 
discharge capacity (= battery capacity 1) was measured. 
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Further, a discharge capacity (= battery capacity 2) was 
measure by performing similarly to the above except the fact 
that, instead of the composite current collector of the present 
invention, there was used a current collector comprising only 
a metal, whose component was the same as the plating metal of 
the composite current collector and whose thickness was the 
same as the composite current collector. 

Incidentally, the composite current collector 
performance index (there is a case where it is referred to as 
performance index) was calculated by following expression, 
composite current collector performance index (%) 
= battery capacity 1/battery capacity 2 x 100 
Incidentally, here, it is a current value for terminating 
the charge or the discharge in 5 hours with a theoretical 
capacity of LiCoOa being made 135 mAh/g, and 0 . 2 C being supposed 
to charge/discharge in compliance with a theory. 
2. Example 15 

It was evaluated similarly to the above except the fact 
that, as the current collector of the positive electrode, there 
was used the composite current collector of the Example 15 
instead of the Al foil and, as the current collector of the 
negative electrode, there was used the Cu foil (thickness 10 
Mm) . 

The surface electric resistances of the conductive 
treatment layers, before the Cu or Ni plating, of the composite 
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current collectors of the Examples 1-15 were all not higher 

than 1.3 n/citi. 

Further, the evaluation of the composite current 
collector produced in each of the Examples 1-15 was performed 
by making the battery by the electric resistance and a method 
shown below, and taking a ratio of the battery capacity which 
was obtained when the composite current collector of the 
present invention was used to the battery capacity which was 
obtained when a current collector whose thickness was the same 
and which comprised only the metal foil. 

It was deemed that, when a value of the percentage 
concerned (referred to as composite current collector 
performance index) was at least 99.8%, the current collecting 
performance of the composite current collector was good. 

The surface electric resistances of the composite 
current collectors were all not higher than 40 mQ/cm. Further, 
as shown in Table 3, the performance indexes of the composite 
current collectors of the Examples were all at least 99.8%, 
and all good in the current collecting performance. 
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Table 3 Characteristics of composite current collector 



Example or 
Comparative 
Example 


Characteristics of composite current collector 


Surface electric 
resistance 
(mQ/cm) 


Tensile strength 
(kg/cm) 


Front/bacK 
current-carrying 
resistance 
(mQ) 


Performance 
index 


Example 1 


IZ.U 








Example 2 




14 ft 




QQ ft9 


Example 3 


7 7 


1*^ 




QQ Qft 


Example 4 




9 




QQ ft7 


Example 5 




n 




QQ Q9 


Example 6 








QQ QR 


Example 7 


7 ft 






QQ Q*^ 


Example 8 


1 


9 R 


7 


QQ ft4 


Example 9 


ft R 


9 R 


Q 


QQ Q9 


Example 10 


9.2 


3.1 


17 


99.94 


Example 11 


9.8 


2.6 


85 


99.93 


ClXampie IZ 


19.4 


1.4 


14 


99.85 


Example 13 


6.2 


3.3 


6 


99.97 


Example 14 


8.7 


2.2 


12 


99.91 


Example 15 


10.6 


2.9 


21 


99.89 


Comparative 
example 1 


9.3 


3.2 


measurement 
impossible 


49.95 
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Industrial Applicability 

The current collector of the present invention has an 
advantage that it is possible to intend reductions in weight 
and thickness that are about 0.8 of the conventional current 
collector, thereby in turn leading to reductions in weight and 
thickness of the battery. 

Further, the current collector of the present invention 
has an advantage that the embossing, the formation of the 
through-holes, and the like are possible, and thus it is 
possible to intend to enlarge an area of the current collector, 
so that the adhesion to the active material and the current 
collecting ability are improved. Additionally, in the 
composite current collector of the present invention, 
notwithstanding the fact that the resin film that is an 
insulator is used in the core body, the junction of the lead 
wire suffices if it is made to either of the front and back 
faces similarly to the metal foil by forming the through-holes, 
and moreover the reductions in weight and thickness are more 
possible than the metal foil. 
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